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Abstract 
This study aimed to enhance students’ learning achievement of matter separation by using five science inquiry learning activities 
(12 hours) on separation of natural substances. The participants, purposively selected, were 33 Grade 7 students in the first 
academic semester of 2011 at Ban-Nathung School in Sisaket province of Thailand. The data collecting tools consisted of a 
learning achievement test of matter separation and a survey of students’ attitudes towards learning science. The dependent 
sample t-test analysis indicated that the students obtained a post-achievement test score (mean 14.24, SD 2.45) higher than the 
pre-achievement test score (mean 7.73, SD 2.76) at the 0.05 level of statistical significance. However, the students obtained a 
retention test score (mean 14.09, SD 2.17) 30 days after the post-achievement test that was not different from the post-
achievement test score at the 0.05 level of statistical significance. In addition, students’ attitudes towards learning science after 
the implementation of science inquiry learning activities (mean 89.00, SD 8.97) was statistically significantly higher than prior to 
using the activities (mean 77.76, SD 8.39) at the 0.05 level of statistical significance. In conclusion, the implementation of 
inquiry learning activities was effective to enhance students’ learning achievement of matter separation as well as their attitudes 
towards learning science. 
1. Introduction 
Ban-Nathung School is one of the educational opportunity expansion (EOE) schools located in Srisaket province 
of Thailand. EOE schools are primary schools located far from a lower secondary school and, as a result of this 
remoteness EOE students continue their lower secondary education in their primary schools. The majority of EOE 
schools encounter many limitations, for example, shortage of chemicals and laboratory equipment and science 
teachers, and also many low achievement students. The lower secondary students (Grades 7-9) at Ban-Nathung 
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School did not realise that learning science was interesting, useful, and exciting since they had few opportunities to 
experience science experiments, and they thought that science was difficult as most of the science content taught in 
the school dealt with something that was inaccessible, intangible, and not applicable, since the teacher rarely 
illustrated applications of science in daily life contexts. Therefore, their science learning achievement had been 
lower than the educational standard proposed at 2.50 out of 4.00 in previous years. In addition, the Ordinary 
National Educational Testing (O-NET) score for secondary school students at Ban-Nathung school was lower than 
that of Sisaket province and of Thailand as seen in Table 1 (NIETS, 2011). The students had few opportunities to 
perform science experiments in a classroom since the school encountered limitations of chemicals and laboratory 
equipment problems. Matter separation is one of the major difficult science concepts for secondary students since it 
also involves many reaction factors.  
 
Table 1. Percentage of O-NET scores in science subject for lower secondary students (Grade 7-9) in 2009-2010 
 
Level 2009  2010 Mean SD  Mean SD 
Ban-Nathung School 23.52 7.56  27.75 11.59 
Sisaket Province 27.62 10.49  27.99 12.73 
Thailand 29.16 9.64  29.17 8.67 
 
Learning activity based on the science inquiry approach has been widely verified as effective in the enhancement 
of not only students’ conceptual understanding of the activity but also science process skills and attitudes towards 
learning science (Balci, Cakiroglu & Tekkaya, 2006; Deters, 2005; Lati, Supasorn & Promarak, 2012). By utilising 
inquiry learning activities related to matter separation, the stated problems could be resolved.   
2. Literature review 
There are a number of models of inquiry in learning science. The 5Es learning cycle is one of the most common 
inquiry approaches and involves the following steps (Balci, Cakiroglu & Tekkaya, 2006): 
1) Engagement – students are engaged in inquiry questions  
2) Exploration – students plan, design, and carry out their experiment, and record the experiment data 
3) Explanation – students make explanations from the experimental data to answer the questions  
4) Elaboration – students extend and apply their findings in a new context, especially a daily life one 
5) Evaluation – students evaluate their experiment process and results in a variety of ways, such as an activity 
report, instructor observation during the activity, and student presentation of the experiments. 
Implementation of the inquiry learning approach has been highly advocated in recent decades (Sanger, 2009) and 
it has been widely verified that it is suitably utilised both in classroom and laboratory in all study contexts, such as 
primary schools (Sanger, 2007), secondary schools (Lati, Supasorn & Promarak, 2012; Patrick & Urhievwejire, 
2012; Pholdee & Supasorn, 2011; Roehrig & Luft, 2004), and universities (Green, Elliott & Cummins, 2004). It can 
enhance students’ potential to develop their science process skills and higher-order cognitive skills, which in turn 
enhances their conceptual understanding and learning achievement. Inquiry is not only supporting students to 
understand science concepts but also illustrating how to construct knowledge themselves through the inquiry 
learning cycle. In addition, the 5E learning cycle is effective to promote students to correct their alternative 
conceptions rather than textbook-oriented instruction. However, students' alternative conceptions and existing 
knowledge prior to the inquiry instruction should be explored. This information can be used in designing inquiry 
activities that support students to change their alternative conceptions (Balci1, Cakiroglu & Tekkaya, 2006).  
3. Research methodology 
3.1. Goals and objectives 
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The objectives of this one-group pre-test/post-test study were to investigate: 1) students’ learning achievement of 
matter separation prior to and after the implementation the inquiry learning activities and 2) students’ attitudes 
towards learning science prior to and after implementation of the inquiry learning activities. 
3.2. Research tools 
3.2.1. Inquiry activities of matter separation 
Five inquiry learning activities of matter separation (12 hours) were developed including 1) filtration, 2) solvent 
extraction, 3) distillation, 4) crystallisation, and 5) chromatography. Each activity was based on the inquiry learning 
approach that required students to explore answers for their testable questions through the inquiry process. 
Separation of natural substances used in everyday life was proposed as inquiry learning tasks to promote students’ 
interest in the learning activities. 
3.2.2. Data collecting tools 
Data collecting tools in this study consisted of two main tools: 
1. Matter separation learning achievement test. The test consisted of 20 multiple-choice items which were 
selected from 30 items with an item difficulty (p) index between 0.20 and 0.80, and the discrimination index (r) 
between 0.30 and 0.70 respectively. 
2. The questionnaire of students’ attitude towards learning science. The questionnaire consisted of 25 items on a 
Likert rating scale which was divided into six aspects: 1) curiosity, 2) rationality, 3) cautious consideration, 4) 
magnanimity, 5) probity, and 6) endeavour. The students were asked to rate their opinions between 1 to 5 levels of 
attitudes towards learning science, in which level 1, 2, 3, 4, and 5 means “least”, “less”, “medium”, “high”, and 
“highest” respectively.  
3.3. Implementation 
The participants of this study were 33 Grade 7 students purposively sampled from the whole population of Grade 
7 students at Ban-Nathung School in Srisaket province of Thailand, during the first semester of academic year 2010. 
These students participated in the following process:  
1) Completed the pre-test of matter separation learning achievement and the pre-questionnaire of students’ 
attitude towards learning science 
2) Performed five inquiry activities of matter separation (12 hours) in which they were required to submit a group 
inquiry report after finishing each activity  
3) Completed the post-test of matter separation learning achievement and the post-questionnaire of students’ 
attitude towards learning science (parallel to the pre-test). 
3.4. Data analysis 
The collected data in this study included pre- and post-test scores of matter separation learning achievement and 
the pre- and post-questionnaire rating scores of students’ attitudes towards learning science. The students’ attitudes 
were calculated in the form of percentages. The percentages between, 0-50, 50-60, and 60-70, 70-80, and 80-100 
were categorised as “poor”, “fair”, “fairly good”, “good” and “excellent” attitudes respectively. Dependent-samples 
t-test analysis was performed to identify mean differences between the pre- and post-scores for the matter separation 
learning achievement test and the questionnaire of students’ attitudes towards learning science. 
4. Results and Discussion 
The study results were categorized into two aspects: achievement scores and attitudes towards learning science. 
4.1) Students’ learning achievement scores of matter separation 
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The dependent-samples t-test analysis indicated the students obtained a total average post-achievement score of 
matter separation (mean 14.24, SD 2.45) that was significantly higher than the total average pre-achievement score 
(mean 7.73, SD 2.76) at p-value less than 0.05, as the average gain in content knowledge of matter separation was 
6.52 (SD 1.64) or 32.58% (Table 2). This arose because these activities were based on the inquiry learning cycle and 
students’ daily life contexts. More specifically, the post-achievement score for each topic was statistically higher 
than the pre-achievement score at p-value less than 0.05. Their gain in content knowledge of matter separation in 
decreasing order was distillation, chromatography, crystallisation, solvent extraction, and filtration. They obtained 
the highest gain in the topic of distillation (28.25%). This may be due to the fact that this activity introduced new 
equipment which was interesting for students, and daily life application of the distillation was clearly demonstrated. 
They obtained an average gain in the topics of solvent extraction, crystallisation, and chromatography. On the other 
hand, they obtained the lowest gain in the topic of filtration (20.20%) because they already had some understanding 
about the filtration concept as their pre-test score of filtration was higher than a half of the possible score, while the 
pre-test scores for other topics were much lower than a half of the possible score. Therefore, they gained in content 
knowledge of filtration lower than other topics. 
4.2) Students’ attitudes towards learning science by the use of the inquiry learning activities 
 
The pre- and post-questionnaires of students’ attitudes towards learning science were analysed and shown in the 
form of means, SDs, and percentages (Table 3). The students’ attitudes towards learning science before the 
implementation of inquiry learning activities of matter separation averaged 62.15%. Their attitudes in decreasing 
order of aspects were probity, endeavour, rationality, magnanimity, cautious consideration, and curiosity. Their pre-
attitudes towards learning science were “fairly good”. More specifically, their attitudes were “poor” in curiosity, 
“fair” in cautious consideration, “fairly good” in endeavour, rationality, and magnanimity, and “good” in probity. 
However, after the implementation of the inquiry learning activities, their attitudes towards learning science 
improved as their overall attitude was at a “good” level. Their attitudes were “fairly good” in curiosity, rationality, 
and magnanimity, “good” in cautious consideration and endeavour, and “excellent attitude” in probity. 
The dependent-samples t-test analysis indicated that students’ attitudes towards learning science after the 
implementation (mean 89.00, SD 8.99) was statistically higher than before the implementation of inquiry learning 
activities of matter separation (mean 77.76, SD 8.39) at p-value less than 0.05. These activities supported students’ 
cautious consideration and curiosity as there were high improvements in students’ attitudes towards learning science 
 
Table 2. Pre- and post-achievement test scores of the matter separation 
 
Topics Possible score 
Pre-test  Post-test   Gain  t-test 
Mean SD %  Mean SD %  Mean SD %  t p 
1. Filtration 3 1.88 0.78 62.67  2.48 0.71 82.67  0.61 0.75   20.20  4.66 < 0.001  
2. Solvent extraction 4 1.52 0.97 38.00  2.85 0.67 71.25  1.33 1.02 33.33  7.51 < 0.001  
3. Distillation 6 2.09 1.04 34.83  4.39 1.20 73.17  2.30 1.07 38.38  12.31 < 0.001  
4. Crystallisation 4 1.33 0.89 33.25  2.73 0.94 68.25  1.39 0.97 34.85  8.29 < 0.001  
5. Chromatography 3 0.73 0.72 24.33  1.79 0.74 59.67  1.06 0.86 35.35  7.05 < 0.001  
Total 20 7.73 2.76 38.65  14.24 2.45 71.20  6.52 1.64 32.58  22.80 < 0.001  
 
 
Table 3 Pre- and post-attitudes towards learning science by the use of science inquiry activities in matter separation 
 
Attitude aspect Score Pre-attitude   Post-attitude % of difference Mean SD % Level Mean SD % Level 
1. Curiosity 15 7.30 0.81 48.66 poor  9.91 2.02 66.07 fairly good 17.40 
2. Rationality 30 19.70 2.76 65.67 fairly good  20.94 2.51 69.80 fairly good 4.13 
3. Cautious consideration 20 10.30 3.13 51.50 fair  14.58 3.01 72.90 good 21.40 
4. Magnanimity 25 15.91 1.96 63.64 fairly good  16.70 2.05 66.80 fairly good 3.16 
5. Probity 10 7.24 0.44 72.40 good  8.28 1.03 82.80 excellent 10.40 
6. Endeavour 25 17.24 2.56 68.96 fairly good  18.64 2.61 74.56 good 5.60 
Total 125 77.69 8.39 62.15 fairly good  89.05 8.99 71.24 good  9.08 
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in these aspects. However, these activities slightly improved their attitudes in aspects of magnanimity, rationality, 
and endeavour. 
 
5. Conclusion and implications 
 
The results of this study indicated that science inquiry activities of matter separation were effective to increase 
students’ learning achievement since their post-achievement score was statistically higher than the pre-achievement 
score at p-value less than 0.05. This learning approach effectively engaged students in the inquiry questions and 
provided opportunities for students to explore their answers through their own experiments. They formulated 
explanations from their collected data, and elaborated their findings to everyday life (Balci1, Cakiroglu & Tekkaya, 
2006). These opportunities gradually enhanced their understanding of the inquiry concepts and then increased their 
learning achievement. In addition, utilising learning activities based on natural substances in daily life effectively 
engaged students in active learning (Pholdee & Supasorn, 2011). These types of activities were effective to promote 
active learning, meaningful learning, learning retention, conceptual understanding, and learning achievement 
(Kipnis & Hofstein, 2007; Patrick & Urhievwejire, 2012) as well as improving attitudes towards learning science 
(Deters, 2005).  
The study results may have implications that implementation of inquiry experiments based on daily life is 
effective to promote students’ attitudes towards learning science which in turn increases their conceptual 
understanding and learning achievement. It is advisable that inquiry learning activities should be utilised throughout 
primary and secondary school study to support students’ capabilities to improve their scientific process skills and to 
construct knowledge through the inquiry process. Moreover, if inquiry activities are designed appropriately, then 
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